Background/aims: Gastric cancer (GC) is the third most common cause of cancer-related death worldwide. The molecular mechanisms underlying the progression of gastric cancer are still not fully elucidated. In this study, we focused on exploring the role of family with sequence similarity 83, member D (FAM83D) in gastric cancer progression. Methods: The expression of FAM83D in GC tissues was detected by immunohistochemistry (IHC) staining. FAM83D knockdown or overexpression were constructed in AGS and SGC-7901 cells with two distinct siRNA duplexes and lentivirus infection, respectively, to explore the role of FAM83D in gastric cancer progression. Nude mouse xenograft assay was used to further explore the role of FAM83D in tumorigenesis in vivo. Results: We found that FAM83D mRNA and protein levels were higher in human GC tumor tissues and in GC cell lines, compared with the adjacent normal tissues and non-malignant gastric epithelial cell lines, respectively, and that higher FAM83D expression was correlated with worse overall survival (p<0.0001) and disease-free survival (p<0.0001) in GC patients. Additionally, our results showed that FAM83D overexpression significantly enhanced the proliferation, clonogenicity, and motility of GC cells, whereas FAM83D depletion caused a dramatic increase in the number of cells arrested at the G1 phase of the cell cycle. Consistent with these findings from in vitro experiment, our data also indicated that FAM83D knockdown significantly repressed GC tumor growth in vivo. Furthermore, we demonstrated that FAM83D depletion was associated with reduced Wnt/β-catenin signaling. Conclusions: This study suggested that FAM83D overexpression enhanced the proliferation, clonogenicity, and motility of GC cells by activating Wnt/β-catenin signaling, and FAM83D may be a promising diagnostic and therapeutic target for human GC.
Introduction
Gastric cancer (GC) is the fifth most common malignancy worldwide and the third most frequent cause of cancer-related death. The risk factors for GC oncogenesis include food storage, dietary patterns, the availability of fresh produce, and the prevalence of Helicobacter pylori infection. 1 Regardless of great advances in the early detection of GC and therapeutic strategy, the 5-year overall survival (OS) rate of GC patients remains lower than 30%. 2 Furthermore, though numerous researchers have strived to investigate the molecular mechanisms underlying GC progression, the genetic events mediating metastasis have not be thoroughly elucidated yet due to their complexity. Therefore, it remains imperative to further clarify the mechanisms response for GC progression.
Currently, an improvement in the classification of the molecular pathogenesis of GC has been largely achieved. [3] [4] [5] The crucial drivers responsible for gastric tumor initiation and progression have been identified via genomic analyses. As previous studies demonstrated, multiple oncogenes, such as human epidermal growth factor receptor 2 (HER2, also known as ERBB2), epidermal growth factor receptor (EGFR), and hepatocyte growth factor receptor (c-MET, also known as tyrosine-protein kinase (MET), are overexpressed in GC, whereas several tumor suppressors, such as tumor protein 53, phosphatase and tensin homolog, and SMAD4, are down-regulated. 6 Numerous studies have shown that overexpression of HER2 and c-MET could aberrantly activate their downstream signaling pathways in GC, including mitogenactivated protein kinase (MAPK) and AKT/PI3K signaling. 7, 8 Additionally, EGFR is overexpressed in GC as well, resulting in a poor prognosis. 9 Efforts have been made to target these key signaling pathways for treating patients with GC. Nevertheless, none of them always works well, so more efforts ought to be exerted to identify novel biomarkers in GC, 10, 11 which have the potential of being the new and effective targets. Family with sequence similarity 83 consisting of 8 members is a superfamily whose members share a conserved N-terminal domain of unknown function (DUF1669), and function as the key intermediates in oncogenic EGFR, MAPK, and PI3K/AKT signaling. [12] [13] [14] [15] A recent multiomics analyses suggested that the members of this family, as oncogenes, played prominent roles in the development of 17 different tumor types. 16 Here, we focused on the effects of the member D of this family (FAM83D). The FAM83D gene is located on human chromosome 20q 17 and was first reported to encode a protein that localizes to spindles during mitosis. 18 FAM83D serves as a pivotal interaction partner of the chromokinesin KID22 that is required for the generation of polar ejection forces and chromosome congression during metaphase. 19 FAM83D is overexpressed in several malignancies, including breast cancer, colorectal cancer, lung cancer, ovarian cancer, and hepatocellular carcinoma, and its overexpression is associated with poor prognosis. 17, [20] [21] [22] [23] [24] These reports indicate that FAM83D is a potential candidate for diagnostic and prognostic biomarkers in several cancers.
However, in human GC, the biological function and prognostic value of FAM83D and its molecular mechanisms have not been elucidated fully.
In this study, we examined the mRNA expression of FAM83D in human GC, and found that its expression was remarkably up-regulated in GC tissues and GC cell lines. We also showed that a high level of FAM83D expression was associated with poor prognosis in patients with GC from our center. Moreover, in in-vitro cell experiment, we demonstrated that FAM83D promoted cell proliferation, clonogenic potential, and migration, as well as invasion mainly by activating the Wnt/β-catenin signaling pathway. We propose that FAM83D could be a diagnostic biomarker and promising molecular target for anticancer therapy in patients with GC.
Materials and methods Materials
The following commercially available antibodies were used: anti-FAM83D (HPA049333; Sigma-Aldrich, St. Louis, MO), anti-GAPDH (60004-1-Ig; Proteintech, Chicago, IL), anti-GSK-3β (#8213;Cell Signaling Technology, Danvers, MA), anti-cyclinD1 (#3300; Cell Signaling Technology), anti-cMyc (#9402; Cell Signaling Technology), and anti-β-catenin (#8480; Cell Signaling Technology).
Patient selection and tissue preparation
We obtained paraffin-embedded GC specimens (n=360) for prognostic survival analysis from Lanzhou University Second Hospital. A radical surgical tumor resection was performed on each patient in the Department of Gastrointestinal Surgery. The tissues were cut into 1×1 cm cubes and stored in liquid nitrogen directly for RNA and protein extraction or fixed in 4% paraformaldehyde for immunohistochemistry (IHC). 25 the manufacturer's instructions. The extracted RNA was resuspended in RNA-free water, and 2 μg RNA from each sample was used for cDNA synthesis primed with random hexamers. Quantitative RT-PCR was performed using cDNAs prepared from paired HCC and their corresponding non-cancerous tissues. All qRT-PCR reactions were performed using Light Cycler 480 (Roche). The fold change in expression was calculated using the 2-ΔΔCt method 26 with the GAPDH mRNA as an internal control (ΔΔCt= ΔCt (FAM83D-GAPDH) normal-ΔCt (FAM83D-GAPDH) cancer). PCR amplification was performed using the SYBR Green PCR master mix Kit (Promega, USA). Specific primers were 5′-GCCTGGCTCGTTTCCTGAA-3′ (forward) and 5′-GGAAGTGCGTCTCGACACG −3′ (reverse) for FAM83D, and 5′-GGAGCGAGATCCCTCCAAAAT-3′ (forward) and 5′-GGCTGTTGTCATACTTCTCATGG-3′ (reverse) for GAPDH.
27
IHC IHC was performed as described previously. 28 Briefly, formalin-fixed, paraffin-embedded GC samples were cut into 4 μm sections on glass slides. The slides were dried overnight at 37°C, deparaffinized in xylene twice for 10 min, rehydrated through graded alcohol five times for 5 min, and immersed in 3% hydrogen peroxide for 15 min to block endogenous peroxidase activity. The sections were boiled in an electric pressure cooker in ethylenediamine tetraacetic acid buffer (pH 8.0) for 3 min for antigen retrieval. The slides were incubated in10% normal goat serum at room temperature for 30 min to reduce nonspecific reactions. The sections were then incubated overnight with a primary antibody against FAM83D at 4°C. After washing three times inphosphate-buffered saline (PBS), the sections were incubated with an anti-rabbit/mouse secondary antibody at room temperature for 1 h. The signals were detected in a freshly prepared 3,3ʹ-diaminobenzidine substrate solution at room temperature for 5 min. Finally, the sections were counterstained with Mayer's hematoxylin, dehydrated, and mounted. Each section was evaluated by three independent pathologists who were blinded to the clinical status of the patients and graded as described below. For each sample, 500 cells from five randomly chosen fields were counted. The staining intensity score was determined as: 0= negative, 1= weak, 2= moderate, and 3= strong. The staining area score was determined as: 0=0%, 1=1-25%, 2=26-50%, 3=51-75%, and 4=76-100%. These scores were added together to produce the final score: 0-1, negative expression; 2-4, weak positive expression; and 5-7, strong positive expression. Given the limited number of patients in the FAM83D-negative expression group, the negative expression group and weak positive expression group were considered to be the low expression group. 29 In addition, strong FAM83D expression was considered as the high expression group. 
Cell culture

Western blotting
Western blot analysis was performed according to the standard protocol. Total protein was extracted using radioimmunoprecipitation assay buffer with protease/ phosphatase inhibitor cocktail (Roche, Mannheim, Germany). The nuclear protein was extracted using the Subcellular Proteome Extraction Kit (Millipore, USA) according to the manufacturer's recommendations. 36 Protein concentration was measured by a bicinchoninic acid protein assay. Proteins were separated using an 8-12% gradient polyacrylamide gel and transferred onto polyvinylidene difluoride membranes. The membranes were blocked in Tris-buffered saline containing 5% bovine serum albumin at room temperature for 1 h, incubated with the indicated primary antibody at 4°C overnight, and incubated with a secondary antibody at room temperature for 1 h. Bands were visualized using enhanced chemiluminescence (Pierce, Waltham, MA).
3-(4,5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromidecell viability assay
The cells were seeded in 96-well plates in sextuplicate at a density of 1000 cells/well. Cell proliferation was monitored daily using 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) (Promega, Madison, WI). In brief, the MTT assay was performed by adding 20 μL MTT (5 mg/mL) for 4 h. The absorbance of the solution was measured at 490 nm on a microplate reader.
Colony formation assay
Five hundred cells were seeded in triplicate in six-well plates. After incubation for 2 weeks, the colonies were fixed, stained with crystal violet (0.1%, w/v in 20 nM 4-morpholinepropanesulfonic acid), and visible colonies were counted to determine the number of cells in each colony.
Cell migration and invasion assays in vitro
Cells (2.5×10e4 for the migration assay; 2.5×10e5 for the invasion assay) were suspended in RPMI 1640 medium and seeded in 8 µm pore Transwell plates with or without pre-coated Matrigel, according to the manufacturer's instructions (Corning, New York, NY). The Transwell plates were placed in 24-well plates containing complete medium acting as a chemo-attractant. The cells were cultivated for 24 h (migration assay) or 48 h (invasion assay). Non-migrating or non-invading cells on the upper side of the chamber were removed by wiping. Migrating cells and invasive cells were fixed with methanol and stained with crystal violet. Eight randomly selected images of migrating or invading cells were acquired using an inverted microscope. The experiment was repeated three times. The images were analyzed with ImageJ software to determine the number of cells.
Flow cytometry
For cell cycle analysis, the cells were firstly synchronized at the G1/S transition using a double thymidine block and harvested at 16 h after release in fresh medium. The samples were washed twice in PBS and fixed in ice-cold 70% ethanol at −20°C overnight. The fixed cells were treated with RNase A (R4875; Sigma-Aldrich) for 30 min at room temperature before the addition of 5 μL/mL propidium iodide (P4864; Sigma-Aldrich) for 10 min in the dark and analyzed by flow cytometry.
Nude mouse xenograft assay
Briefly, 10 male BALB/c nude mice (Beijing Slac Laboratory Animal Co., Ltd., Shanghai, China) were injected with cells that had been transfected with either FAM83D siRNA (siFAM83D) or negative control siRNA (siNC). The mice were maintained in microisolator cages. The mice were assigned randomly into two groups, and each received a subcutaneous injection of 150 µL of a viable cell suspension mixture (5.0×10 6 cells) containing a 90% AGS-siNC or AGS-siFAM83D cell suspension and 10% Matrigel. When the tumors could be palpated, tumor size was measured using calipers every other day. Tumor volume was calculated using the formula L×W 2 ×0.5, where L is the largest dimension and W is the perpendicular diameter. All mice were sacrificed on the third week after injection, and individual tumors were weighed. All procedures related to animal experiment were conducted in accordance with the Guide for the Care and Use of Laboratory Animals (NIH publications Nos. 80-23, revised 1996) and the Institutional Ethical Guidelines for Animal Experiments developed by Lanzhou University Second Hospital.
Bioinformatics analysis
ONCOMINE (http://www.oncomine.com) is a cancer microarray database that integrates and unifies highthroughput cancer profiling data from 715 datasets (version 4.4.4.3 after the Q2 update 2013). 37 We compared the expression of FAM83D mRNA from GC datasets containing data from both GC and normal stomach tissues. Five datasets (8 subsets among them) were included in our study: Chen et al, 38 Cho et al, 39 D'Errico et al, 40 Wang et al, 41 and Cui et al. 42 The differential expression of FAM83D between GC tissues and normal stomach tissues was analyzed, and its fold-change values and statistical significance were determined. Survival differences were validated at the gene expression level by OncoLnc (www.oncolnc.org) and Kaplan Meier-Plotter (http://kmplot.com/analysis/index.php?p=ser vice&cancer=gastric). OncoLnc is a tool for interactively exploring survival correlations, and it contains survival data for 8,647 patients from 21 cancer studies performed by The Cancer Genome Atlas (TCGA), along with RNASeq expression data for mRNAs from TCGA cases. The top third and lowest third were selected as the high and low FAM83D expression groups, respectively, as recommended on the OncoLnc website. 43 The Kaplan MeierPlotter tool is online survival analysis software to assess the prognostic value of biomarkers using transcriptomic data in various cancers containing 882 GC patients with survival data. FAM83D was entered as the gene symbol, and the median value of FAM83D expression was selected as the cut-off for the high and low FAM83D expression groups. Kaplan-Meier and log-rank tests were used to estimate and display the outcomes. 44 
Statistical analysis
An independent t-test was applied to analyze differences between two groups. A chi-squared test was employed to analyze the relationship between FAM83D expression and clinicopathological characteristics. Kaplan-Meier analysis was employed to assess survival. All of the statistical tests were two-sided. Analyses of the differences between the groups in the xenograft assays were achieved using a two-tailed t test. A difference with p<0.05 was considered statistically significant. All statistical tests were performed using SPSS 20.0 statistical software (SPSS, Inc., Chicago, IL).
Results
FAM83D expression is increased in GC tissues and cell lines
To assess the role of FAM83D in GC, we analyzed 5 microarray datasets from the ONCOMINE database, and found significant overexpression of FAM83D in the majority of GC tissues compared with adjacent non-neoplastic controls. The median rank of FAM83D in the upregulated genes of GC was 300.5 based on a metaanalysis across 8 data subsets using the ONCOMINE algorithms (p=3.59E-5, Figure 1A ). We examined whether there was a relationship between FAM83D expression levels and the prognosis of GC patients by using online bioinformatics analysis tools. High FAM83D expression correlated with a poorer clinical outcome in GC patients ( Figure 1B , log-rank, p=0.035). We used the online Kaplan Meier-Plotter tool to assess the prognostic value of FAM83D in 882 GC samples. Log-rank and Kaplan-Meier tests were used to compare the survival of patients, and the results indicated that high FAM83D expression was associated with a poorer clinical outcome in GC ( Figure 1C , log-rank, p=3.3e-7). To validate further the relationship between FAM83D expression status and GC, we detected the mRNA levels of FAM83Din tumor tissues compared with paired non-cancerous tissues using quantitative PCR. The data confirmed that FAM83D mRNA levels were significantly elevated in tumor tissues (25/33, 75 .8%, Figure 1D ). To explore further the potential role of FAM83D in GC tumorigenesis, we detected FAM83D protein expression in the normal gastric cell lines GES-1 and Hs 738.St/Int and in 7 different GC cell lines using Western blotting. Compared with normal gastric cells, FAM83D was overexpressed in all of the examined GC cell lines ( Figure  1E ). Taken together, these results demonstrated that FAM83D expression was increased in GC tumor tissues and cells and suggested that the upregulation of FAM83D in GC might play a significant role in tumor development.
Upregulation of FAM83D is associated with poor prognosis in patients with GC
To investigate further FAM83D expression in fresh GC tissues, we employed IHC staining with a total of 360 GC samples from patients at the Second Hospital of Lanzhou University after gastric section who were followed up for 100 months. expression (51/360cases, 14.2%). No FAM83D signals were found in any of the corresponding adjacent normal tissues. According to the IHC results, 207 cases were defined as low FAM83D expression, while the other 153 cases were identified as high expression (Figure 2A-F) . Significantly higher FAM83D expression was observed in gastric tumor tissues compared with normal tissues (Figure 2G, p<0.001 ). Further investigations of the relationship between FAM83D protein expression and the clinicopathological features are summarized in Table 1 . The results indicated that the levels of FAM83D protein expression were markedly correlated with age (p=0.011), tumor size (p<0.001), tumor location (p=0.026) and survival (p<0.001).
According to Kaplan-Meier survival analysis, the median survival time of all patients was 45.1 months, while patients with higher FAM83D expression had decreased OS (p<0.0001) and disease-free survival (DFS, p=0.0068, Figure  2H and I). Multivariate Cox regression analysis showed that FAM83D expression (hazard ratio [HR] =2.674, p<0.001), gender (HR =0.522, p=0.032), and TNM stage (HR =1.522, p<0.001) were independent predictors of survival in GC patients (Table 2 ). These data indicated that FAM83D expression was associated with certain clinicopathological factors and could be a prognostic marker for both early and late stage GC.
FAM83D promotes the proliferation and clonogenicity of GC cells
To address the cellular mechanism by which FAM83D promoted tumor progression, FAM83D knockdown or overexpression GC cell models were constructed in AGS and SGC-7901 cells with two distinct siRNA duplexes and lentivirus infection, respectively. Protein levels were determined to confirm FAM83D silencing and overexpression in the cell lines. FAM83D expression was almost eliminated in the knockdown cell model ( Figure 3A) and increased in the overexpression cell model, indicating their successful establishment ( Figure  3B ). An MTT assay was performed to assess cell viability at the indicated times. The data showed that FAM83D inhibition markedly reduced the viability of GC cells ( Figure 3C ). On the contrary, cellular proliferation was greatly increased after FAM83D overexpression ( Figure 3D) . A colony formation assay showed that the size and number of siFAM83D transfectants were dramatically decreased compared with the siNC cells ( Figure 4A ). On the other hand, cell size and number were significantly increased in FAM83D overexpression cells ( Figure 4B ). Taken together, these results indicated that FAM83D played an important role in GC proliferation and clonogenicity.
FAM83D facilitates migration and invasion in vitro
As FAM83D expression was correlated with lymph node metastasis, Transwell assays were performed to explore the effects of FAM83D on cell motility. The data showed that inhibition of endogenous FAM83D decreased the number of cancer cells dramatically during migration ( Figure 5A ) or invasion ( Figure 5B ) through the Transwell membranes. Conversely, the ectopic expression of FAM83D significantly increased migration ( Figure 6A ) and invasion ( Figure 6B ). Thus, FAM83D is considered as a stimulator of tumor migration and invasion.
FAM83D accelerates cell cycle progression in GC cells
Having found an effect of FAM83D on the proliferation and motility of GC cell lines, we examined its impact on the cell cycle. AGS and SGC-7901 cells transfected with FAM83D siRNA showed a decreased percentage of cells in the S phase and a marked accumulation in the number of cells in the G0/G1 phase ( Figure 7) . On the contrary, using the FAM83D overexpression cell model, we found an increase in the percentage of cells in the S phase and a decrease in the percentage of cells in theG0/ G1 phase (Figure 8 ). Taken together, we can summarize that FAM83D promotes cell proliferation by controlling the G1 and S checkpoints to promote cell cycle progression.
FAM83D activates Wnt/β-catenin signaling
Recently, a study showed that FAM83G (PAWS1) is overexpressed in xenopus laevis embryonic cells, which could activate Wnt/beta-catenin pathway and caused complete axis duplication. 45 Similarly, Yang M. et al reported that the FAM83H mutation could weaken the mineralization in ameloblasts by activating Wnt/β-catenin signaling pathway. 46 To determine whether the observed phenotypic changes in the malignant behavior of GC cells as a result of FAM83D overexpression were related to epithelialmesenchymal transition (EMT), the expression of markers associated with EMT was quantified in the GC cell lines by Western blot analysis. We silenced FAM83D with siRNA in AGS and SGC-7901 cells. Effective knockdown of FAM83D led to a significant decrease of β-catenin expression in GC cells; GSK-3β was significantly up-regulated, while the expression of the downstream proteins β-catenin, cyclin D1, and c-Myc was down-regulated ( Figure 9A) . Conversely, the opposite results were obtained following FAM83D overexpression in GC cells ( Figure 9B ). These results suggested that FAM83D may promote β-catenin expression via the activation of Wnt/β-catenin signaling. Lithium chloride (Licl) is a typical activator of Wnt/ β-catenin signaling pathway which can inhibit the activity of GSK3-β and thereby stabilize the β-catenin in cytoplasm. 47 To explore further FAM83D-regulated Wnt/β-catenin signaling in GC cells, 20 mmol/L LiCl was used on the siNC and siFAM83D groups of AGS and SGC-7901 cells to examine whether the activation of Wnt/β-catenin signaling could restore the effects of FAM83D inGC cells. We found that LiCl administration recovered the level of β-catenin protein expression after FAM83D knockdown ( Figure 9C ). Thus, these results suggest that FAM83D declines the expression of GSK-3β and consequently activates the Wnt/β-catenin signaling pathway in the nucleus.
FAM83D knockdown inhibits GC tumorigenesis in nude mice
To explore further the role of FAM83D in tumorigenesis in vivo, AGS cells that were transfected with siFAM83D were injected subcutaneously into 5-week-old BALB/c male mice. Tumor formation was assessed after 7 days. FAM83D repression significantly reduced xenograft volume ( Figure 10A -C) and weight ( Figure 10D , P=0.0031). In addition, there was no significant difference in body weight between both groups ( Figure 10E ). The siFAM83D treated tumors showed a significant reduction in FAM83D and β-catenin staining and increase in GSK3-β when compared to the siControl treated group ( Figure 10F and C). In summary, our data indicate that FAM83D knockdown repressed tumor growth in nude mice.
Discussion
GC is a heterogeneous disease involving numerous genetic and epigenetic alterations. In recent years, there has been growing interest in identifying novel genes that have pivotal roles in cancer initiation and progression. Thus, we used 5 datasets and the ONCOMINE algorithms to preliminarily screen differentially expressed genes between GC and normal tissues. As a result, we found that there was a significant difference in FAM83D expression, signifying that it might be a candidate oncogene that facilitates the tumor cell growth, invasion and metastasis in GC. Our results showed that FAM83D was overexpressed in GC tissues and cell lines, compared with non-tumorous gastric tissues and normal cell lines, respectively, indicating it could be a potential prognostic biomarker in GC. Consistently, we found that high FAM83D expression was significantly correlated with large tumor size, distant metastasis, poor tumor differentiation, and poor overall survival (OS). We then used the in vitro GC cell models to explore the molecular mechanisms by which FAM83D promoted gastric malignant transformation and tumor progression. We observed the decreased motility of GC cell lines when FAM83D gene was silenced, but the opposite results were observed when FAM83D gene was upregulated, implying that FAM83D may play a pivotal role in GC metastasis. Additionally, using a loss or gain of function study, we demonstrated that FAM83D induced cells in the G0/G1 phase to pass into the S phase by promoting mitotic progression. Furthermore, we found that the upregulation of FAM83D expression had the capability of inducing these malignant phenotypes via the activation of the Wnt/β-catenin signaling. In line with the results of in-vitro experiments, we observed that FAM83D knockdown significantly inhibited GC tumorigenesis in nude mice as well.
Overall, this present study presents a key role for FAM83D in promoting cellular growth and progression in GC.
Several studies have investigated the potential mechanisms underlying the roles of FAM83D in cancer initiation and progression. It has been reported that FAM83D could promote cell cycle progression of hepatocellular carcinoma cells through activating the MEK/extracellular signal-regulated kinase signaling pathway. 48 FAM83D has also been supposed to physically interact with FBXW7, a tumor suppressor protein, and meanwhile downregulate FBXW7 expression, which enhanced cell proliferation and motility in breast cancer. 17 Additionally, it was reported FAM83D downregulation could restrain tumor growth and metastasis via the inhibition of CD44 expression, which was induced by inactivating the MAPK, transforming growth factor-β, and Hippo pathways. 24 In accordance with these previous studies, herein our present study also showed that FAM83D facilitated GC progression by promoting cell proliferation, migration, and invasion. The aberrant activation of Wnt/β-catenin signaling is involved in tumorigenesis in GC. 49 Particularly, it has been reported that FAM83A overexpression could activate the Wnt/β-catenin signaling pathway in other malignancies. 50 Similarly, in the current study, we found that FAM83D knockdown increased GSK-3β expression, but decreased the expression of several Wnt/β-catenin target genes, including β-catenin, cyclin D1, and c-Myc, whereas the aberrant activation of Wnt/β-catenin signaling occurred with FAM83D gene overexpressed in GC cell lines. GSK-3β reduces the nuclear accumulation of β-catenin and Wnt target gene expression. 51 Cyclin D1, as a regulator of cell cycle progression through the G1/S checkpoint, is upregulated in several types of cancer. 52, 53 c-Myc protein promotes cell growth and proliferation and inhibits apoptosis by regulating its target genes. 54 Thus, the phenotypes induced by FAM83D depletion and overexpression may be partly attributed to the subsequent upregulation of cyclin D1 and c-Myc. The Wnt/ β-catenin pathway is of decisive importance in epithelialmesenchymal transition (EMT), a key step in oncogenic transformation. 55, 56 β-Catenin is a key component of the Wnt/β-catenin pathway, and its free cytoplasmic levels lead to the reduction of E-cadherin. 57 The loss of E-cadherin on the membrane, coupled with N-cadherin overexpression, is one of the hallmarks of EMT. 58 Thus, the upregulation of β-catenin plays an important role in enhancing the invasion and metastasis of several types of cancer by inducing EMT. 59, 60 A previous study reported that FAM83D could induce several EMT-associated factors in breast cancer. 17 Analogously, in the present study, we also found that FAM83D may be associated with the nuclear translocation of β-catenin. In general, the present study suggested that FAM83D may be a useful prognostic biomarker in GC, and promoted cell cycle progression, migration, and invasion mainly by activating the Wnt/β-catenin signaling pathway. Actually, there are many factors that induce dysregulation of the Wnt/β-catenin pathway, such as ubiquitination, microRNA dysregulation, and DNA methylation. 61, 62 Nevertheless, in this study, we did not explore the precise mechanisms underlying how FAM83D interacted with or affected β-catenin in GC cells, which requires clarification in the future studies.
Conclusion
This study demonstrated that FAM83D was overexpressed in GC tissues and cell lines and its overexpression was closely correlated with advanced clinicopathological characteristics and poor prognosis. Additionally, FAM83D could promote cell cycle progression, migration, and invasion mainly by activating the Wnt/β-catenin signaling pathway. Therefore, FAM83D may serve as a prognostic biomarker and a potential target for GC therapy. 
